The estimation of oestrogen in aqueous solutions and pregnancy urines using an automated procedure is affectedby the presence of certain ions, and by dilution. These effects have been studied by calculating regression equations from the values obtained with urines to which ions have been added with and without urine dilution. The results suggest that the ionic effect is chemical rather than physical and that there is no advantage in including a predilution step in the analysis. Other means of removing the ionic effects have so far proved unsuccessful.
The estimation of oestrogen in aqueous solutions and pregnancy urines using an automated procedure is affectedby the presence of certain ions, and by dilution. These effects have been studied by calculating regression equations from the values obtained with urines to which ions have been added with and without urine dilution. The results suggest that the ionic effect is chemical rather than physical and that there is no advantage in including a predilution step in the analysis. Other means of removing the ionic effects have so far proved unsuccessful.
Many workers have observed that there is a dilution effect in the measurement of urinary oestrogen by automated techniques-that is to say, the apparent total urinary oestrogen output is different in an undiluted specimen compared to a diluted specimen of the same urine (Ismail and Watson, 1974; Moscrop et al., 1974) . This difference is greater than can be accounted for by the experimental error of the method and has been shown to be related to storage (Moscrop et al., 1974) . Storage appears to increase the recovery of oestriol added to urines, and it has been suggested that it is due to the presence of interfering radicals which cause quenching of the fluorescence produced by oestrogens. Dilution reduces the concentration of these factors and their quenching effect. The method of Hainsworth and Hall (1971) allows for this phenomenon by including a dilution step in the manifold. The alternative approach, that of Campbell and Gardner (1971) , uses no dilution, which has the advantage of a greater sampling rate. In practice most laboratories have evolved their own compromise by either diluting each urine to 2 or 3 Iitres or using a lesser dilution step than that recommended by Hainsworth and Hall. Although the dilution effect has been attributed to the presence of a quenching factor or factors, there is little documented evidence to support this theory. The purpose of the present study was to assess the changes due to dilution and to examine the effect of adding ions and compounds of low molecular weight normally found in urine to aqueous oestrogen standards and pregnancy urines, Reaction temperature: 120°C. Post reaction diluent: 10% (v/v) sulphuric acid. The method was calibrated with oestriol-tee (,B-D-glucuronide) (Sigma Chemical Co.) in aqueous solution.
Reagents
The following reagents were prepared and used for the addition to urines and standards: 0.5 mol sodium chloride, 0.5 mol potassium chloride, 0.5 mol ammonium chloride, 0.25 mol calcium chloride, 0.5 mol hydrochloric acid, 0.5 mol sodium hydrogen carbonate, 0.5 mol potassium dihyrogen phosphate, 0.5 mol dipotassium hydrogen phosphate, 0.5 mol disodium hydrogen phosphate, 0.5 mol orthophosphoric acid, 0.5 mol sodium hydroxide, 0.5 mol potassium hydroxide, 0.5 mol ammonium hydroxide, 100 gIl urea,S gil creatinine in 0.5 mol hydrochloric acid, 2 gil uric acid in 0.5 mol sodium hydroxide.
RESULTS

Effect ofions and dilution on aqueous oestriol standards
The above reagents were added to a solution of oestriol-Iee (,B-D-glucuronide) in the ratio 1:1, and the oestrogen level measured. Each sample was then diluted to several known dilutions and remeasured. The specimens were assayed in triplicate and the mean value was recorded after multiplying by the dilution factor (Table 1 ). The sensitivity of the fluorimeter was reset between each dilution to give maximal recorder response.
Oestrogen assay
The modified method of Simkins and Worth (1975) was used.
Kober reagent: quinol (20 gil) in 80% (v/v) sulphuric acid.
Ittrich reagent: 5 % (w/v) trichloracetic acid in chloroform.
METHODS AND REAGENTS
Addition of ions and a mixed bed resin to an oestriol standard
The above reagents were added to oestriol in a 1:1 ratio as previously described, but in addition a small amount of mixed bed resin (Elgastat) was added, and the oestriol level was measured after gentle mixing. These results are also shown in Table 1 . 322 The above ions were added to a pregnancy urine 30 mg /I in a ratio of 1 :1, the specimens assayed in triplicate, and the results recorded as before, with allowance for the dilution factor (Table 1) .
Pregnancy urines were assayed undiluted and at dilutions of 2, 20, and 200 times. The calibrating standards were similarly diluted and the fluorimeter sensitivity was suitably adjusted. The oestriol level for each urine at each dilution was plotted against its undiluted value, and regression equations for each dilution were calculated (Table 2) . Sodium chloride, dipotassium hydrogen phosphate, and uric acid reagents were added to an oestriol standard in varying concentrations, but maintaining a constant final oestriol concentration. The apparent level of oestriol was measured ( Fig. 1) . Sodium chloride, dipotassium hydrogen phosphate, and uric acid reagents were added to pregnancy urines in the ratio of 1 :1. The oestriol level obtained for urine was plotted against the value obtained by diluting the urine in the ratio of 1: 1 with distilled water. The results are shown in Figs. Table 2 . These specimens were then reassayed after diluting with distilled water to final urine dilutions of 20 and 200, and these values were plotted against those obtained by diluting the same urines to 20 and 200 times respectively with distilled water. Regression equations were calculated ( Table  2) . As in previous experiments, the calibrating standards were similarly diluted, and the fluorimeter sensitivity was suitably adjusted.
2-4 and
Effect of hydrochloric acid in the post reaction diluent
Pregnancy urines were assayed undiluted and reassayed with the use of 2N-hydrochloric acid instead of 10% (v/v) sulphuric acid as the post-reaction diluent. The results from the two assays were plotted against each other, and a regression equation was calculated ( Table 2 ). The urines were then diluted in the ratio I :1, assayed with hydrochloric acid as post-reaction diluent, and the results plotted against the values obtained for the undiluted urines assayed with hydrochloric acid as post-reaction diluent. The regression equation was calculated (Table 2) . Sodium chloride, dipotassium hydrogen phosphate, and uric acid reagents were added to a few of these urines in the ratio of I :I and assayed in the presence of hydrochloric acid. These results were plotted against the values obtained when distilled water was added in the ratio I: I and assayed in the presence of hydrochloric acid and are shown in Figs. 2-4 . These values were not included in the calculation of regression equations.
DISCUSSION
This study has attempted to elucidate, firstly, the effect of dilution of urines on the recorded oestrogen level; secondly, to examine the effect of ions and is to obtain a higher value, though this is not so in all cases. These observations support our preliminary experiments (Simkins and Worth, 1975) , when it was shown that there was little or no correlation between the original urine volume and the effect of dilution. This trend is demonstrated by comparing the data in Table 2 , equations 1 to 3that is, the slope of the regression equation decreases as the dilution is increased to x 20 and the number of points observed above the line x = y is reduced as the dilution is increased. We suggest that the decreased correlation coffiecient at a dilution of x 200 indicates that dilution affects different urines to different degrees and is not due to a reduction in the precision of measurement. If the latter were true the correlation coefficients in equations 10 to 12 of Table 2 would be of the same order as that of equation 3. This is not the case.
The effects of NaCI, K2HP04, and uric acid at different dilutions on oestrogen measurement of pregnancy urines were investigated because these compounds were considered as representative of the extreme effects. The effect of K2HP04 and uric acid is minimal at low dilution-that is, equations 5 and 6 in Table 2 are close to x = y. The effect increases only slightly at higher dilution and is proportional to the oestrogen level-that is, equations 8, 9, 11, and 12 have lower slopes than equations 5 and 6. The correlation coefficient is decreased slightly by dilution, but the effect is small. The effect of NaCI, however, is greater at lower dilutions and does not show an apparent relationship to oestrogen levelthat is, equations 4, 7, and 10 have slopes close to unity and their constants decrease with dilution.
If the effect of chloride ions is a simple physical enhancement of fluorescence it would be removed by adding sufficient chloride ions to the system to make the variation due to differing urine chloride concentrations negligible. This was done by replacing the sulphuric acid in the post-reaction diluent by 2N-hydrochloric acid. 2N-hydrochloric acid maintains the final hydrogen ion concentration above 40%, which is necessary for optimal oestriol sensitivity (Simkins and Worth, 1975) and gives a chloride concentration at least 50 times greater than that of most urines, Equations 4 and 13 and their correlation coefficients are similar, which suggests that the effect of the urine chloride concentration is not diminished. Equation 14 shows that the dilution effect is also still present. When chloride, phosphate, and urate ions were added to urines and assayed with hydrochloric acid instead of sulphuric acid as post-reaction diluent the results appeared to fit the original regression equations closely (Figs. 2-4 and equations 4 to 6). These data suggest that the effect of chloride ions is chemical rather than physical. If this is true, then the chloride effect would disappear if chloride ions were added at a relatively high concentration before the Kober reaction. Unfortunately this cannot be verified, as hydrochloric acid gas is liberated by the sulphuric acid of the Kober reagent.
The results presented in this paper do not completely explain the phenomena observed, but they do show that dilution does not remove the effect of all radicals which interfere with true oestrogen assay. Our original premise that the dilution effect must be due to ionic interference is by no means proved, but any alternative explanation seems unlikely. It further seems possible that there may be significant effects due to other compounds present in urines hitherto not investigated.
In conclusion, we are unable to find any evidence to support the idea that a "truer" oestrogen assay is obtained by the inclusion of a predilution step. This statement is made with specific reference to the studies carried out herein, whereas the study of other interfering factors (as yet unspecified) may yield contrary findings. This has been suggested by some recovery studies (Moscrop et al., 1974) . However, any advantages of predilution may be offset by reduced sensitivity, a slower sampling rate, and a longer through-put time as indicated by comparing the data of Campbell and Gardner (1971) with that of Hainsworth and Hall (1971) . The ultimate criterion of any method must be its ability to predict the clinical situation. This can be achieved only by a detailed clinical trial, which has not so far been carried out on any of the automated procedures.
